Summary. The effect of insulin in vitro on the fluidity of the human erythrocyte membrane in Type I (insulin-dependent) diabetic patients and healthy control subjects was investigated using a fluorescence technique. It was found that the addition of 10 -9 mol/1 porcine insulin significantly increased fluorescent probe lateral mobility in the membrane lipid layer but did not appear to produce any conformational changes of membrane proteins.
Interest in hormone interactions with cell membranes has increased considerably during recent years. One hypothesis postulates that changes of membrane lipid structure and microviscosity may play the role of a hormonal information transducer [1] .
The existence of insulin receptors in erythrocyte membranes has been observed recently [2, 3] although their physiological significance requires elucidation [4] . Altered rheological properties of erythrocytes in diabetes have been reported [5] [6] [7] [8] [9] . These alterations are related to chariged erythrocyte membrane viscosity and were confirmed by decreased rotational mobility of a fluorescent probe [10] and decreased lateral mobility of pyrene in erythrocyte membranes from insulin-dependent diabetics. Because changes in membrane lipid fluidity are considered to be responsible for information transfer through the membrane, studies were undertaken to investigate the effect of insulin in vitro on the fluidity of erythrocyte membranes in diabetes.
Materials and Methods
The method used to investigate the lateral diffusion of phospholipid molecules in the membrane influenced by insulin was an optical method using the fluorescent label pyrene, which is incorporated deep in the hydrophobic membrane region [11, 12] . A measure of the lateral mobility of the probe is the formation rate of excimers during the collision of an excited pyrene molecule and a molecule in the ground state. The excimer fluorescence maximum (470 nm) is well separated from the monomer emission band (396 nm) on the fluorescence spectrum and the intensity ratio I470/I396 of these two peaks is a measure of the lateral mobility of the probe in the membrane (Fig. 1) . The wavelength of fluorescence excitation was 339 nm.
Blood was taken from 13 Type I (insulin-dependent) diabetic patients all of whom had retinopathy and neuropathy. The mean age of patients was 39.5 + 2.6 years, age of onset of diabetes 24.2 + 2.0 years and insulin dosage 0.88 + 0.12 IU/kg body weight.
Blood was taken into 3% sodium citrate after an overnight fast and before the morning insulin and centrifuged at 3000rev/min for 10 rain. After removing plasma and the leucocyte layer, erythrocytes were washed three times with phosphate-buffered saline (PBS: 9 g/1 NaC1 in 10 mmol/1 phosphate buffer, pH 7.4).
Erythrocyte membranes were obtained by the method of hypotonic haemolysis [13] and suspended in PBS to give a protein content of 100gg/ml. Pyrene was dissolved in methanol (2.10-3mol/1) and added to the membrane samples at a final probe concentration of 10 -6 tool/1. The methanol concentration was < 0.33% (v/v). Porcine insulin was added to the samples at concentrations of 1.10 -9, 1.10 -7 and 1.10-6mol/1, respectively. Samples with or without insulin were incubated for 15 rain at 37 ~ The dimer to monomer fluorescence intensity ratio I470/I396 was then measured using a JY3 spectrofluorimeter (Jobin-Yvon, Longjumeau, France). Measurements were carried out five times at a temperature of 37 ~ in samples from 13 Type I diabetic patients and six healthy adults.
To investigate the effect of insulin on membrane proteins, the changes in the degree of exposure of the proteins was studied by use of their tryptophan fluorescence quenching by acrylamide [14] . Tryptophan fluorescence was quenched by acrylamide in the presence (1.10 9 tool/l) and in the absence of insulin in membrane samples with a protein content of 100 lxg/ml. The measurements were carried out at 37 ~ for five acrylamide concentrations ranging from 0.04 to 0.4 tool/1 in six membrane preparations from the diabetic patients and five from normal subjects. The excitation wavelength of the tryptophan fluorescence was 286 nm. The wavelength of the fluorescence maximum was 355 nm.
Statistical significance of results was assessed using Student's t-test. Results expressed as mean + SD (n = 5). The increase in mean ratios with insulin were all significant at p < 0.001
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Results
Values of dimer to monomer fluorescence intensity ratio I470/I396 for membranes incubated with insulin were higher than for untreated membranes from both diabetic and healthy subjects ( Table 1 ). Assuming that values of dimer to monomer fluorescence intensity ratio in the absence of insulin are equal to 100, the mean proportional change of that ratio under the influence of insulin (1 • 10 -9 mol/1) was calculated for diabetic and control membranes. The difference between insulin effect on the fluidity of control and diabetic membranes was not statistically significant. For six healthy individuals the effect of different concentrations of insulin on the dimer to monomer fluorescence intensity ratio was investigated. The mean proportional change of that ratio under the influence of insulin was dependent on the hormone concentration. The greatest effect of hormone on the membrane fluidity (about 9%) occurred at an insulin concentration of 1.10 -7 mol/1 and remained constant at higher levels of hormone.
There was no difference in quenching of tryptophan fluorescence by acrylamide in the membranes whether treated or untreated with insulin (Table 2) .
Discussion
An elevated value of fluorescence intensity ratio I470/ 1396 means an increased lateral mobility of the probe in the membrane, which indicates in turn that insulin decreases the membrane lipid layer viscosity related to probe diffusion along the membrane surface in diabetic as well as control membranes. This is contrary to the results obtained for erythrocyte membranes from healthy subjects by Luly et al. [15] , who found increased rigidity of erythrocyte membranes treated with insulin. However, our results corroborate those of Bailey et al. [16] , who observed a similar fluidity increase of rat adipocyte plasma membrane with insulin treatment.
The order of addition of the fluorescent label and insulin to membrane suspensions was checked. Mere- The results obtained indicate that insulin action is concentration dependent. A marked effect of the hormone on membrane fluidity was observed at an insulin concentration as low as 1.10 -9 mol/1. At concentrations > 1.10 -7 tool/l, membrane fluidity remained constant. A similar saturation phenomenon during insulin action was observed also by Luly and Shinitzky [17] , who investigated the insulin effect on rat hepatocyte membrane fluidity.
We have found that insulin does not cause any visible conformational changes of membrane proteins resulting in changes of the tryptophan fluorescence spectra in membranes from normal and diabetic subjects. This result is in contrast with the study of Luly and Shinitzky [17] who found that insulin increases the tryptophan accessibility for quencher molecules causing an increase of the fluorescence quenching in rat liver plasma membranes.
Our results suggest that addition of insulin in vitro at a concentration of 10 -9 mol/1 may cause significant alterations in the erythrocyte membrane lipid layer, increasing its fluidity with no significant conformational changes of the membrane proteins.
